The BONUS symposium "Science delivery for sustainable use of the Baltic Sea living resources" held in Tallinn, Estonia, in October 2017 was an opportunity for the presentation and discussion of 107 papers that examined the state and dynamics of living resources of the Baltic Sea, and associated management challenges. The symposium included a half-day stakeholder panel discussion that addressed the main challenges related to sustainable management and matching research and policy/management needs. Based on the five symposium papers published in this Special Issue as well as the stakeholder panel discussion, it can be concluded that (i) new observations about the feeding ecology of clupeids supports a more complete understanding of trophic interactions in the pelagic realm and improved calibration of ecosystem models, (ii) to safequard sustainable and diverse fisheries resources, one should take into account the specific local characteristics of the fish community, (iii) to safeguard sustainable use of marine resources and mitigate cross-sectoral and transboundary conflicts, a risk-based approach should be adopted, and (iv) incorporation of scientific advice into management faces several obstacles including the reality that not all readily available knowledge is currently being incorporated into the decision-making process.
Introduction
The Baltic Sea is heavily impacted by multiple anthropogenic pressures, and has also seen strong political and scientific focus on the problems at hand. The resulting resource management attempts have led to trend reversals in several important pressures and associated improvements in ecosystem state indicators in the last decades (Reusch et al., 2018) . One notable step forward was the formulation of a vision for a joint Baltic Sea research and development programme BONUS-"Economically and ecologically prosperous Baltic Sea region where resources and goods are used sustainably and where the long-term management of the region is based on sound knowledge derived from multidisciplinary research", in association with an ambitious research agenda (Andrusaitis et al., 2014) . Under the BONUS umbrella, 56 projects have been funded since 2007 (BONUS, 2018) . The BONUS symposium "Science delivery for sustainable use of the Baltic Sea living resources", held in Tallinn, Estonia, in October 2017 was an opportunity for the presentation and discussion of 107 oral and poster presentations on a diverse array of topics that examined the state and dynamics of living resources of the Baltic Sea, and associated management challenges (the conference programme and paper abstracts are available as Supplementary materials S1 and S2). The symposium addressed mainly the following two strategic objectives of the BONUS research agenda: to understand the complexity of the Baltic Sea ecosystem structure and functioning, and to enhance sustainable use of coastal and marine goods and services of the Baltic Sea (Andrusaitis et al., 2014) .
In addition, the symposium contributed significantly to the work of the two main regional stakeholders through addressing all four major segments of the HELCOM Baltic Sea Action Plan, [i.e. eutrophication, biodiversity and nature conservation, hazardous substances, and maritime activities (HELCOM, 2007) ] and two strategic goals of the International Council for the Exploration of the Sea, ICES: (i) develop an integrated, interdisciplinary understanding of the structure, dynamics, and the resilience and response of marine ecosystems to change; and (ii) understand the relationship between human activities and marine ecosystems, estimate pressures and impacts, and develop sciencebased, sustainable pathways (ICES, 2014).
Themes, papers, and presentations
Organized by two EU BONUS projects, Integrating spatial processes into ecosystem models for sustainable utilization of fish resources (BONUS INSPIRE) and Biodiversity changes-causes, consequences, and management implications (BONUS BIO-C3), the symposium addressed (i) potential of and genetic basis for colonization, acclimation, and adaptation; (ii) process-based knowledge on spatial population dynamics, species interactions, and habitat connectivity; (iii) ecosystem internal and external drivers of change affecting biodiversity; (iv) temporal dynamics in biodiversity; and (v) ecosystem-based adaptive management in the context of new understanding in spatio-temporal heterogeneity (see Supplementary material S1).
Keynote lectures
Three keynote addresses highlighted recent findings in panEuropean marine biodiversity research, outlined lessons for management based on centennial-scale response of fish populations to exploitation, addressed ecosystem-based management on the broad scale, and thereby set the stage for the scientific sessions of the symposium (see Supplementary material S1).
Scientific presentations
The five papers from the conference that appear in this issue of the ICES JMS exemplify the last four themes outlined above, in most cases addressing more than one theme per paper in an integrated manner, and complement the >140 papers published elsewhere by BONUS INSPIRE and BONUS BIO-C3 projects' partners.
Process-based knowledge on population dynamics, species interactions, and habitat connectivity was investigated in two papers. Predator-prey interactions are a primary structuring force in marine foodwebs and they play an important role in the dynamics of both marine fish populations and their prey. Ojaveer et al. (2018) investigated the individual and spatial patterns in the feeding of two dominant zooplanktivorous clupeids-herring Clupea harengus membras and sprat Sprattus sprattus-in the Northeastern Baltic Sea in summer, by means of a taxonomic analysis of stomach content. Both species consumed predominantly the small-sized copepods (Temora longicornis, Eurytemora affinis, and Acartia spp.) with E. affinis and T. longicornis being generally positively selected by both species. Overall, results of the study point to high interspecific competition, where sprat seems to be more successful than herring in finding and consuming prey, and therefore may have an advantage over herring when the zooplankton community is dominated by small-sized taxa.
Feeding behavior and daily ration (DR) estimation of sprat are usually based on daytime stomach contents from deeper layers. Kulke et al. (2018) provided a new approach for DR estimation, taking into consideration the diel vertical migration associated feeding periodicity. They found that feeding of sprat in the deep of the central Baltic Sea during the day represents only 16-39% of the DR and DRs were 1.4-times higher using the new approach compared to the established approach. The underestimation by the established approach was mainly caused by ignoring the effect of higher temperatures from the upper layers on the gastric evacuation rate. These new results have major implications not only for DR estimates but also on the interpretation of prey selectivity.
The importance of ecosystem internal and external drivers of change affecting biodiversity was exemplified by two papers. Frelat et al. (2018) developed a comprehensive framework based on complementary multivariate statistical methodologies to simultaneously investigate the effects of environmental conditions on the spatial, temporal, and functional dynamics of fish species assemblages. The framework was tested using survey data collected during more than 4 000 fisheries hauls throughout the Baltic Sea between 2001 and 2016. The approach revealed that the Baltic fish community can be structured into three subassemblages along a strong and temporally stable east-west salinity gradient. The mismatch between taxonomic and functional diversity, associated with the spatial overlap of sub-assemblages, suggests that functional redundancy decreases from west to east. The low functional redundancy in the Baltic Proper implies that its ecosystem is susceptible to changes in external pressures such as hydrography, nutrient inputs, and fisheries overexploitation that can provoke drastic reductions in fish abundances. Therefore, fisheries management in the Baltic Proper should take into consideration the specific local characteristics of the fish community. A similar methodological framework can be used in other large marine ecosystems to gain better understanding of the effect of environmental variations on biodiversity, key information for the management of ecosystems.
Autumn-spawning herring used to be the dominant spawning group of herring in the early decades of the 1900s and supported several commercially important fisheries in the Baltic Sea. The species declined during the 1960-1970s and has not recovered. MacKenzie and Ojaveer (2018) recovered and analysed historical fishery and biological data and conducted population development simulations to evaluate the hypothesis that exploitation may have been sufficient to lead the stock towards commercial extinction in the Gulf of Riga (GoR). The study concludes that the estimated exploitation pattern, including exploitation of juveniles, was unsustainable and led to stock decline. The pattern of exploitation of this stock was consistent with that which caused collapses of other herring stocks, which have since recovered. If Sustainable use of Baltic Sea resources autumn-spawning herring in the GoR recovers, the findings indicate that this stock could support sustainable annual yields of around 4 000 t and diversify the fishery resource base, which is presently restricted to a relatively small number of species for essentially local coastal inhabitants.
The multiple competing human uses of marine and coastal areas have resulted in a rapid increase of maritime spatial planning initiatives to safeguard sustainable use of marine resources as well as to mitigate cross-sectoral and transboundary conflicts. Aps et al. (2018) developed a methodology that combines assessments of marine environmental vulnerability and cumulative human pressures to support the processes of ecosystem-based adaptive maritime spatial planning. The methodology is built on the spatially-explicit marine environmental vulnerability profile (EVP) that is an aggregated product of the distribution of essential nature values (habitat-forming benthic macroalgal and invertebrate species, benthic species richness, birds, and seals as top marine predators) and their sensitivities to disturbances. The marine environmental cumulative risk profile ERP, which combines the EVP and HELCOM Baltic Sea Pressure Index (BSPI), identifies areas where environmental risks are the highest due to both long recoveries of the biota and high intensities of human pressures. This methodology can be used in any other sea areas by modifying the list of nature values, their sensitivity to disturbances and the intensities of human pressure. To be able to account for the progressing global (i.e. regionally unmanageable) pressures, marine management should be (i) conservative to provide a buffer against regionally unmanageable global perturbations, (ii) adaptive to react to new management challenges, and, ultimately, (iii) multisectorial and integrative to address conflicts associated with economic trade-offs (Reusch et al., 2018) .
Stakeholder panel discussion
Despite accumulating scientific evidence, funnelling the information into the decision-making process, and thus "reaping the harvest" of the scientific groundwork, remains a key challenge in the science-policy arena. To tackle this problem, a key component of the symposium was a half day stakeholder panel discussion addressing main challenges of (i) integrating multiple interests in sustainable ecosystem management, (ii) sustainable balanced management in fisheries, and (iii) matching research and policy/ management needs (see Supplementary material S1). Initial statements of the panellists were followed by open discussion, including the participation of the audience. Key stakeholders present on the panels included the European Commission, HELCOM, ICES, Baltic Sea Advisory Commission, World Wildlife Fund, and Ministry of Environment and Ministry of Rural Affairs of Estonia, thus covering multiple sectors including fisheries, nature conservation, environment protection, NGOs, and scientists.
The key issues highlighted and discussed at the meeting follows, organized by the key links in the science-policy cycle (see Figure 1) .
From knowledge to advice
Processes should be developed for summarizing and packaging scientific knowledge for policymakers and other stakeholders. Using unequivocal and clear statements while "translating" science to policymakers and formulating advice is one of the key features in the process. Specially trained science communicators with a background not only in science but also in communication could assist in bridging this gap.
Great outcomes cannot be expected if too heavy workload prevents scientists from allocating the required amount of time to advisory work. This is aggrevated by the fact that the "advisory effort" is often not considered in the evaluation of these scientists under the currently prevailing "publish or perish" doctrine. Scientists should be encouraged to be more proactive in sharing their knowledge with non-scientific audiences.
From advice to decision and implementation
Addressing trade-offs requires a systematic and realistic approach, including the selection of effective solutions and tools, and choosing management options which are legally possible. Involvement of regional intergovernmental management bodies is often required, especially when dealing with cross-border issues, or where regional cooperation is required under international committments, as it maximizes benefit and hence impact of the work. Capacity building in public administration, together with ensuring that government/management systems have sufficient capability, capacity, and flexibility to deal with emerging issues, should be monitored continuously. Involving all key stakeholders often leads to improved decisions and greater implementation success.
Feedback loop from policymakers and marine resource users to scientists Efficient and systematic feedback helps to create and strengthen bridges between scientists and policymakers, and allows scientists to better understand advisory needs. It will also give scientists confidence in the value of their work. The feedback from policymakers improves the quality of the advice and the applicability of the science. However, it remains unlikely that scientific advice will be fully implemented (e.g. due to socio-economic or political considerations). Establishing and maintaining direct communication lines between appropriate bodies is essential: advisory requests need to be addressed to the right research bodies, and vice versa-policymakers need to be asked directly about their needs before the research is undertaken.
How to match new incoming advice requests and knowledge availability Different actors in the process-politicians, policymakers, resource users, and scientists-might have different views, interests, and time-lines for actions. All those should be understood and acknowledged. While policymakers and resource users' needs are often short-term (e.g. due to election cycles or shortterm economic interests), scientists might need long-term vision, essentially when creating the necessary knowledge base. To be better prepared for new advice requests, funding of a wide array of fundamental research projects covering different disciplines is required. This will secure assembling and maintaining a broad reservoir of fundamental knowledge.
Conclusions from the stakeholder session
To avoid initial barriers to involving stakeholders, an increasingly common practice is to allow all of those interested in a given topic to identify themselves as stakeholders. This eliminates the perception of exclusion (e.g. Why were we not asked? Why did you ask them and not us?) as a first possible source of conflict. Another possible barrier is the perception of a conflict situation "us vs. them". To avoid such conflicts, all stakeholders should be given the opportunity to share their opinions with others. It often becomes evident that it is not a tug-of-war of wills between the initially perceived different camps, but that stakeholders hold different views also amongst themselves. Establishing a discussion forum allows for full consideration of stakeholders' perspectives, some of which may be controversial. In this context, it is important to note that once embarked on involving stakeholders, there exists a commitment made by the instigating authority to continue the stakeholder involvement throughout the process, otherwise there is a risk for a decline in the confidence amongst stakeholders in the resulting management decisions.
Achieving and maintaining trust between all involved stakeholders was identified as the common feature throughout the entire science-policy cycle (see also Figure 1 ). There should be trust (i) towards those creating and providing scientific evidence and (ii) in communication between scientists and policy makers, marine resource users, and managers.
The common issue throughout the science-policy cycle is the need to be adaptive and pro-active, as both the state of the marine ecosystem and the nature and extent of human activities change over time. For example, the previously prevailing understanding that multispecies fisheries management will solve all issues related to sustainable management of living marine resources in the Baltic Sea has been substantially modified over time, and in addition to the main commercial fish species now includes seals, sticklebacks, and the non-indigenous invasive round goby. Therefore, one of the future challenges for scientists is to provide adaptive advice when/ as it is needed, which includes multiple considerations related to climate change and ecological conditions affected both by natural and human stressors. This will allow better adaptation of the socioeconomic environment to changing ecosystem conditions. Both structural (lack of knowledge) and stochastic (process-related) uncertainty is an inherent component of scientific evidence. Therefore, management decisions should always be precautionary given the underlying uncertainty of scientific advice. Distinguishing between structural and stochastic uncertainty, as well as properly communicating and explaining uncertainty, helps to inform decision makers and ensures that the scientific advice is used appropriately.
For decision makers, identifying the available "bargain margin" before initiating communication and stakeholder involvement seems to be important, as compromises are very often needed in management decisions. If there is no bargaining margin, then the management process might run into a dead end with the risk of undermining trust between involved partners.
In conclusion, the stakeholder panel discussion not only identified several barriers hampering the effective incorporation of available scientific knowledge into the decision-making process, but also highlighted possible solutions for removing these barriers. Ecosystem-based management of fisheries and other human activities demand new levels of trust, adaptivity, understanding of uncertainty, and communication frameworks between all stakeholder parties involved. These are necessary pre-requisites to accommodate the increasing need to manage the Baltic Sea resources (often at the margins of sustainability) and ensure legitimacy and efficiency of the process. The Tallinn symposium, as well as the BONUS programme, is very important steps in this direction.
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